Communication design research is becoming an essential component in solving current design problems and tackling new design challenges. However, the notion of a scientific approach to communication design is still an object of discussion. The scientific research scenario in communication design is almost opposed to that of other design fields, such as engineering and product design. While the later fields have well-defined research structures and strong communication channels, the former is still facing foundational problems. The current state of communication design research is described by a lack of a scientific rationale and ambiguous research process structures, frameworks for developing methodologies and strategies to narrow the gap between academia and professional practice.
The term metascience is used here to refer to a holistic approach, through which less experienced disciplines can improve the quality of their outcomes and define clearer structures by adopting key aspects of more robust scientific disciplines. Although more experienced disciplines could also benefit from this approach, this side will not be discussed in this paper.
METASCIENCE: A PARADIGM FOR POSTGRADUATE COMMUNICATION DESIGN RESEARCH
Throughout this paper, the term 'design' is used as a generic word to refer to the broad design discipline. When design is used to refer to particular design fields, it is indicated.
Methodology
Secondary research from books, papers and PhD thesis of the last 30 years has been conducted to gather design research information. This review evidenced that literature which discusses scientific communication design research is scarce (e.g. Frayling, 1993 (e.g. Frayling, /1994 Frascara, 2002; Harland, 2009) ; the existing literature does not explore a holistic research approach nor does it give a clear overview of the current research situation. In contrast, vast literature can be found for design research in general (e.g. Cross, 2007; Bonsiepe, 2007) , and for user-centred, engineering and product design research (e.g. Owen, 1991; Cross, 2000 Cross, , 2002 Bruseberg & McDonagh, 2000; Hevner, 2007) .
In addition, literature review was used to collect general scientificbased information, and key informants approach (Marshall, 1996) was used to gather more specific scientific insights. While key informants approach does not represent 'the majority view of those individuals in their community' (Marshall, 1996) , this approach has been used to complement the literature review and to add in-depth views and expert quality data. Six key informants were interviewed for this study, which responded to the five criteria of eligibility (Marshall, 1996) : role in the community, knowledge, willingness, communicability and impartiality. The first eligibility criterion is the only one that can be confidently determined in advance. Once key informants are selected, the remaining four criteria should be taken into account in order to ensure valid and pertinent insights (Marshall, 1996) . For this study, scientists, who were deemed as experts by colleagues and peers, and hold a position of responsibility and influence in their working places, were contacted by email through third parties but they did not have any previous relationship with the author of this paper. An open questionnaire based upon the literature review was sent to the six selected scientists via email.
Five case studies are used to illustrate the areas in which the metascientific approach may benefit communication design research. When possible case studies from communication design investigations (graphic or information design) are discussed, however, some case studies have been taken from human centre and education design when no valid cases from communication design were found.
Design as a research discipline
In Europe during the late 19th century, especially in the United Kingdom, the Industrial Revolution movement began to separate design from fine art. Design officially became a disciplinary field in 1836, when it was considered a field of study independent from that of art (Frayling, 1993 (Frayling, /1994 Pontis, 2011a) . In other words, design should not be confused with art as it has "its own purposes, values, measures and procedures" (Owen, 1998) . Nonetheless, now, more than 100 years later, the disciplinary condition of design is still the subject of debate (Poggenpohl, 1979; Harland, 2009; Triggs, 2011 , Pontis, 2012 . Design has the key elements to be considered a disciplinary field, although it lacks welldeveloped internal structures and an understanding of its methodologies and strategies (Owen, 1998) ..For example, design is currently a particular body of knowledge in which its professionalization has increasingly become "the product of education rather than experience alone and responsibility [has] shifted to institutions of higher learning including universities" (Erlhoff and Marshall, 2008:132-133) .
Throughout the modern history of design, three major causes have been identified as having contributed to design being less established as a discipline (Triggs, 2011) and almost being removed from professional school curricula (Sloane in van den Akker et al., 2006) . Firstly, design is described as a "young" and "slow learner" discipline (Owen, 1991; . This has meant that its problem-solving approaches were initially defined as "intuitive, informal and cookbooky", instead of seeking for academic respectability like the disciplines of medicine or astronomy (Sloane in van den Akker et al., 2006:28-29) . Secondly, after World War II (1939 -1945 , the higher education industry experienced a time of prosperity as demand for professionals such as scientists and engineers rapidly grew. In most jobs, newly educated professionals replaced others without academic degrees, such as technicians (Sloane in van den Akker et al., 2006) . Consequently, "the number of sites where competent work in the areas of design and engineering was being performed increased dramatically" (Sloane in van den Akker et al., 2006:29) . The position of universities as privileged institutions in which to acquire specialised knowledge was debilitated in these areas. Finally, in order to have a "more respectable" view and expect "larger, direct economic rewards", key design domains, the technical, social and managerial were moved to the industrial sector, while they were previously developed at higher education institutions (Sloane, in van den Akker et al., 2006) . On this basis, design evolution has been characterised as a search for place and recognition in practice, education and academia.
Design practice: growing demand The beginning of the 20th century and the development of design in this period can be summarised as: unsettled conditions, exploration of unknown areas and adoption of new tools. In Europe, social, political, cultural, and economic changes radically altered several aspects of societies. These changes were complemented by scientific and technological developments, such as the invention of colour photography by the Lumiere brothers (Meggs, 2006) . In addition, the outbreak of World War I (1914) (1915) (1916) (1917) (1918) (1919) changed the way life was seen and understood in Western civilisations (Pontis, 2011a,b) . In this context, "graphic forms of communication experienced a series of creative revolutions that questioned their values, their approach to the organisation of space and its role in society" (Meggs, 2006:231) . The term "design" started to be used to distinguish a sense of responsibility for society in the creation of visual communications instead of personal expression, like art-based objects (Meggs, 2006) .
Mass production of graphic communication artwork tended to replace the initial enthusiasm generated at the end of the previous century with the Victorian era, Belle Époque and Art Nouveau among
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other European movements. Avant-garde movements, such as futurism and Dadaism, grew to express society's discontent and designers' rejection of the past and traditions (Meggs, 2006) . The 1920s were characterised by an increasing interest in researching the problem-solving process behind artefacts, from products to graphic communication objects. This interest led to the development of rational methods, which can be seen as an attempt to "scientise" design (Cross, 2007:119) . Some avantgarde movements, such as De Stijl and constructivism, presented ways of understanding design based on systematic approaches. For example, at the German design school, the Bauhaus, ideas from all advanced art and design movements were explored, combined and applied to create a functional and rational idea of design (Hollis, 2002; Meggs, 2006) . Both in Europe and in the United States, artists and craftsmen "began to work with industrialists and to commit their talents to the design of industrial products" (Owen, 1991) . Particularly in the United States, graphic and industrial designers started working as consultants in engineering and marketing departments (Owen, 1991) .
New ideas and an increasing desire to work with different media and technology led to the investigation of unexplored areas of the growing discipline of design. Moreover, the invention of the first large-scale computers after the 1940s had an irreversible impact on design practice and industry (Kopplin, 2002; Owen, 1991; Conley, 2004; Pontis, 2007 Pontis, , 2011b . Progressively, computers made it possible to start testing and experimenting with an assortment of visual techniques and languages, opening up new possibilities for designers and becoming invaluable working tools to enrich outcomes and industrialise production. In addition, "computer-supported design" dramatically reduced production times. Consequently, new paradigms arose, which led to new uncertainties and generated an interest in pursuing studies related to more theoretical approaches to design, such as finding ways of improving communication by understanding the design process and methodologies (Pontis, 2011b) .
Understanding the theory A minimalist style emerged during the post World War II years. This movement, at its strongest during the late 1960s and early 1970s, mainly originated as a response to the war chaos, which resulted in the emigration of European designers to the US. In Europe, Dieter Rams's industrial product designs for the Braun Company showed the simplicity and function-driven style of this movement (Meggs, 2006) . At the same time, a deep concern for defining analytical and teachable theories about the design process grew among professional designers and architects. In order to understand how they could improve the development of design solutions, professionals like John Chris Jones, Bruce Archer and Christopher Alexander followed systematic steps that supported their ideas and structured the decision-making processes (Pontis, 2011b) . The term "design method" became commonplace and was defined as a type of procedure, technique or tool for designing, which aimed to increase designers' capabilities, helping them generate more considerations than they could do alone (Gregory, 1966; Cross, 2000; Pontis, 2011b) . Back then, all manner of things from check-lists and theoretical exercises to mathematical equations were referred to as design methods (Owen, 1991) .
During this period, creativity, quality and production diversity diminished as a possible consequence of the strong rational emphasis and the increasing but uncontrolled use of technological advances. Although designers' initial good appetite for learning and exploration seemed to freeze, new channels of communication were created to share fresh ideas. Design research journals emerged during these decades, including Design Issues (1984 ), Research in Engineering Design (1989 and Design Journal(1997) .
The new role of designers Throughout the modern history of design, concerns have moved from being merely about selling a product, a service or creating artefacts to being more related to the development of strategies and making sense of situations (Owen, 1991) . Progressively, "design has been recognised as a critical factor for business success" (Owen, 1998) . Creativity, it seems, has changed from being understood as "change, innovation, invention, new ideas and new alternatives" (de Bono, 1999:111) to being defined as the "effective application of old ideas" (Pontis, 2011b) . Nowadays, solutions are more and more concerned with solving a problem than with being new or developing ultimate design artefacts. "Effectiveness rather than novelty" tends to be the new motto (Pontis, 2011b) .
Visocky O'Grady and Visocky O'Grady (2008) state that the current age presents issues that are different from those of previous periods. The massive amount of information and the overproduction of cluttered visual messages generate demand for more appropriate design tools to cope with them. Similarly, Cross (2000) adds that new problemsolving strategies are required to cope with the increasing complexity of design problems. This scenario generates new interests and the search for unfamiliar types of solving strategies. As an example, both areas of design specialty and sets of skills not exclusively related to the visual aspect of the discipline are needed to find solutions for the current design problems (Pontis, 2011b) . Therefore, an essential requisite to deal with the current scenario is for us to have "high-quality designers and equip them with high quality design tools: theory, methods and processes" (Owen, 1998:10) . Accordingly, the role of designers has changed and adapted. A varied range of design fields has emerged in the last 10 years, including those populated by information designers, service designers, communication designers, surface designers, information systems designers, environmental designers, human computer interaction designers, among others (Chartered Society of Designers; Purao et al., 2008) . Some of these fields have evolved further than others, having clearer defined boundaries, aims and objectives. In all cases, the role of designers is gradually developing from creators of design objects to facilitators of dialogue, management, collaboration and understanding (Pontis, 2011b) . Design skills have become tools to help other professionals perceive the meaning of situations by mapping complexity, drawing meaning from data and thus making sense.
The next sections discuss the scientific approach to research and give an overview of postgraduate scientific and communication design research current structures.
Defining science-based research
The emergence of modern science dates from the 17th century, with the first scientific journal "Philosophical Transactions of the Royal Society," published in 1665 (Lewis, 2002) . The journal presented the growing amount of academic experimental scientific research being conducted (Lewis, 2002; Shadish et al., 2002) . Works dated as early as those of William Gilbert's (1600) On the Loadstone and Magnetic Bodies and Galileo's (1612) Bodies that Stay Atop Water, or Move in It evidence scientific discoveries (Shadish et al., 2002) . Consequently, disciplines like chemistry and astronomy have more robust histories of inquiry, scholarship and research experience than that of design (Owen, 1991 (Owen, ,1998 Cross, 2002; Sloane in van den Akker et al., 2006) . Three milestones played a major role in the scientific revolution, starting with the transition from the use of passive to systematic observation to correct errors in theory, followed by the use of planned and systematic observation to document the effects produced by experiments 2 . Finally, the use of external equipment to control or minimise the risk of bias observation added rigour and credibility to findings and results (Shadish et al., 2002) .
Not all research study is necessarily of a scientific character, and not all disciplines that conduct research are scientific disciplines. This leads to the question: how is "scientific" defined? The main difference between non-scientific and scientific disciplines is that the latter bases its aims, goals, and methodologies on objective results, while the former defines those same elements in terms of self-evident experiences, without looking for understanding or improvement. A scientific discipline must have a solid corpus of concepts, theories and tools used by its research community in their contribution to a progressive development of the specialty (Schneider, 2007:212) . Scientific disciplines define standards that are applied to measure each aspect and phase involved in a research process (IUBMB, 2011) .
The main concern of science is not to gather data, but how data is processed into theories and evaluated through objective methods. The goal of scientific research is to formulate, demonstrate, prove or verify (confirm or infirm) hypotheses (Bunge, 2008) . However, scientific knowledge cannot be an object of universal agreement; it can contradict established theories and may benefit some researchers but not all of them. The central point of scientific research is its verifiability (Reyna in ED466791, 2002) . In other words, if other researchers follow the same set of procedures, under the same circumstances, they should arrive at similar conclusions. Therefore, a researcher from any discipline should detail and explain the specific parameters followed to achieve that result; this should make those procedures verifiable in an objective way.
In short, the essence of scientific research is systematic observation, measurement and experimental work, or alternative methods that could ensure similar levels of objectivity and rigour.
Postgraduate science-based education structure Research structure In science-based research, PhD candidates' subject of study must fit into the director of studies' area of expertise and be part of one of the research projects conducted at his/her research group or centre. Furthermore, the active presence of the director of studies as well as other members of a research group during PhD candidates' initial and training years is a key point. The director of studies initiates his/her PhD candidates into the research activity, guiding them at each step of the journey (Feuer and Towne in ED466791, 2002) . Novice researchers learn skills, methodologies and problem-solving strategies from their director of studies and other members of the group. The definition of the action plan to start working with during the first year, including specific objectives, is the initial step, followed by the definition of research questions to be responded throughout experimental work.
Methodology and scientific attitude
Laboratory work is an intrinsic area of scientific research. Experimental work conducted in laboratories is essential for acquiring the necessary practice and knowledge to achieve valid and robust results. The "lab" becomes the place for learning, making mistakes and sharing stories. Experiments are repeated independently at least three times, and each time more tests are carried out to minimise and balance experimental errors and biological samples. Results are analysed statistically. Another key point is to incorporate the necessary controls to avoid or minimise the risk of false conclusions. Methodology and rigour are essential to execute lab tasks and obtain valid results.
Communication channels
The sense of belonging to a research community is another key aspect of science-based research education. Research group discussions help develop initial questions to further stages (Feuer and Towne in ED466791, 2002 Research progress is actively shared through different communication channels. In addition to international conferences, internal seminars and journal club presentations are highly common and mandatory in science based research education (IUBMB, 2011) . Each research group member is obligated to present his/her work and progress weekly, as a way of both acquiring presentational skills and obtaining feedback and criticism at each stage of his/her investigation. The sharing of discoveries and findings happens in internal seminars, and then key points and results are communicated to peers in international conferences and through peer review publications.
The scientific approach to design Scientific research is often associated with sciences like mathematics and chemistry, and less with humanistic ones like design. However, it can be conducted for investigation in any academic field. Scientific principles are common across all disciplines and fields, but what is intrinsic to each discipline is the forms of questions, answers and decisions, as they are based on each discipline's basic values and not on their contents (Reyna in ED466791, 2002; Feuer and Towne in ED466791, 2002) . In this sense, Owen (1998) stresses that "ways of building knowledge" should respond to the needs and the "way design is studied and practiced."
Initially, design research was conducted by psychologists, sociologists and computer scientists, as design practitioners used to consider academic research as an "alien concept" for a practice-led discipline (Poggenpohl, 1979) . Nevertheless, as mentioned previously in this paper, the interest in the scientific approach to design has been a constant concern throughout the modern history of design, often referred to by different authors, including Owen (1998) , Cross (2000 Cross ( , 2002 , Schneider (2007) , Bonsiepe (2007) ,as "scientific design", "design science", or "design research."
This approach to design is concerned with the recognition of the laws of design and its activities, and the development of rules and guidelines (Cross, 2002) . Poggenpohl (1979:353) explains that understanding the structure of the design activity would benefit professionals in the sense that they would be able to modify rules and control the problem-solving process, rather than "blindly following an unquestioned tradition." In addition, design research may bring some clarity to educational aspects and learning processes by discovering the connections that establish their characteristics, functioning and outcomes (Sloane in van den Akker et al., 2006:20) . This research approach also aims to improve understanding of design and its intended users through systematic methods and the study of practices, theories and designer's thinking and working procedures (Laurel, 2003) . Thus it takes into consideration reflection on the nature of design knowledge and the contribution to the professional practice. This research approach also improves both designers' decision-making and solution-strategy processes by encouraging them to adopt rational procedures (Cross, 2007:45) . Design research outcomes vary from tools, methods and systems to improve conceptual design and decision-making to theoretical frameworks and models (Purao et al., 2008) .
In other words, a scientific research approach implies "systematic design", which means the procedures of designing being organised in a rational way (Cross, 2002) , documenting data and a mixed understanding of problem-solving which combines institution and rationality.
Postgraduate communication design education structure During the 1980s, research became the centre of design environments, supported by academic institutions and communities, which set the basis for the beginning of scientific design research (Schneider, 2007) . Those research communities which spread in the 1990s across European universities and colleges, started growing at the end of that decade to become academic referents. The first PhD design programmes were structured in Japan and Europe and later considered in the United States (Owen, 1998) . For guidance, these nascent research communities started following models and incorporating procedures from more experienced scientific disciplines (Owen, 1998; Cross, 2007; Boomgaard in Wesseling, 2011) . However, while scientific engineering and product design research developed robust frameworks and now tend to follow the scientific model described earlier, communication design research at the postgraduate level is characterized by a different scenario.
Currently, communication design researchers are still searching for new paradigms to guide, strengthen and consolidate research evolution (Laurel, 2003) . The following sections examine the main problems of communication design research.
Developing postgraduate programmes
Design research has greatly influenced the broad spectrum of design. Design education was "born from the needs of an industrial economy" (Owen, 1991) and education programmes evolved to meet that demand. As stated earlier, the definition of undergraduate communication design degree programmes as independent programmes than that of art was a response to emerging needs.
Similarly, postgraduate degree programmes, such as masters and PhDs, also responded to the growing demand for more specialised knowledge, and course structures were redefined to explore deeper areas of design not approached from undergraduate programmes (Owen, 1991) . While undergraduate programmes in communication design have maturated and some universities,,e.g. University of Buenos Aires,offer four-or five-year courses in which technical skills are integrated with general knowledge and critical thinking, postgraduate
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programmes in those design fields still need further development. Postgraduate programme structures vary among universities and even within departments. During the initial year, some programmes include introductory weekly seminars in their curricula in which basic aspects of research are unpacked (e.g. how to write a dissertation, how to use the Harvard style), but other programmes only offer monthly tutorials and little support.
In addition, the learning journey in communication design research differs to that of science or other design fields in the sense that research groups do not tend to have 'in-house' PhD candidates working together with more experienced researchers or supervisors. As a result a feeling of isolation often grows among candidates.
Lack of structure
The research structure in communication design needs clarification. As an example, there is still "confusion and controversy" (Cross, 2002) over the nature of valid results (Hevner et al., 2004) and the definition of research methods (Owen, 1998; Phillips in van den Akker et al., 2006) . In terms of the research process, obscure areas include selecting appropriate methodical approaches and then rigorously following them, adopting documenting strategies, and applying analytical and critical thinking throughout each research phase. Another common problem is that PhD candidates often prioritise the final phase of the research cycle, i.e. prototyping and testing the hypothesis, which results in the "oversimplification of scientifically-oriented research" (Phillips in van den Akker et al., 2006) . Phillips (in van den Akker et al., 2006) stresses that through this "oversimplification" the "context of discovery" is being neglected. In other words, earlier stages, research, analyses and efforts undertaken to design a solution that is worthy of testing are not taken into account or valued.
Communication design often borrows social sciences models and methodologies (e,g. grounded theory, ethnography, observation, interviews, questionnaires, surveys, and video recordings among others) to understand and make sense of insights, and draw conclusions. However, to design investigations in which the human factor is not involved (or it is not the main component) but, for example, the aim is to examine a specific design outcome, those methods will not be a suitable approach. This fact evidences the need in communication design to develop its own set of methodologies.
Disperse research community and developing communication channels
The design research community is highly varied (Owen, 1998) . Sloane (in van den Akker et al., 2006) explains that as a result, "design knowledge appears to be fragmented and dispersed", illustrating a difference from more established research communities. On the one hand, although both science-based and non-communication design research communities have established communication channels, local, national and international conferences and regular meetings, and supportive communities of scholars, communication design is still working on developing appropriate platforms for sharing knowledge.
sciences because "it studies the foundations and procedures of all sectors of verifiable knowledge" (Bunge, 1959:19) . It is worth explaining that the benefits of the metascientific approach to communication design are the areas to be examined here, those to more experienced research disciplines being out of the remit of this paper. For that, an exhaustive study of scientific and other design fields needs may be required to identify gaps or areas in which communication design aspects could be of value.
This metascientific approach emboldens the adoption of scientific aspects that would enrich the structure of communication design research and bring scientific rationale (e.g. methodologies, techniques and philosophies) closer to novice communication design researchers. This integration does not imply that communication design has to turn into an imitation of science, but to acknowledge that by appropriating structures and parameters from more experienced research disciplines, communication design could bring some clarity into, for example, the context of doctoral education (Owen, 1991 (Owen, , 1998 Cross, 2002; Hevner, 2007) .
Metascience in postgraduate communication design research
Design research education in the fields of design engineering (Owen, 1998 (Owen, , 2001 , user centred design (Bruseberg and McDonagh-Philp, 2000) and human computer interaction design (Hevner et al., 2004 ) has a more robust trajectory than that of graphic and information design (Owen, 1998) . This reflects on the structure of their postgraduate courses, which tend to be more organised and clearly defined. Research undertaken in communication design faces a more diffuse scenario, which may benefit from this metascientific approach. The integration of scientific aspects to communication design is not to add laboratory work to the postgraduate curricula. Instead, a possible alternative would be to encourage and provide a scientific attitude in the design community.
Five areas (Figure 2 ) in which this approach may benefit communication design research are discussed in the following sections.
Towards a well-defined research structure As in science-based research, the definition of an action plan is the first step in communication design research. This plan includes the following phases: approaching a problem, posing questions, building a theoretical model, defining methodologies, testing hypotheses and contributing to knowledge. An increasing number of design research models have been defined to give clarity and structure to academic design research (e.g. Owen, 1998; Bannan-Ritland, 2003) . Mostly, they present ways and frameworks in which scientific aspects can be adjusted from a design point of view. Adopting and adapting a research model based on scientific standards may be an attempt to reduce the risk of misjudging communication design research and give each phase its appropriate value. The following is an example of a research framework that could be used to structure communication design investigations.
Case study 1: Research framework
This model emerged from the integration of educational design and learning processes. Bannan-Ritland (2003:21) merged design stages, research phases and learning structures to define a framework which aimed to provide guidance to design research. She emphasises three necessary research components: "research questions, data and methods, and the need for researchers to design artefacts, processes and analyses at earlier stages in their research that can then be profitably used in later stages." The framework is the result of overlapping those components with that of the design process-informed information, enactment and evaluations (local and broader impacts) ( Figure 3 ).
Defining assessment criteria
As previously stated, some research phases are not sharply defined in postgraduate communication design curricula. Equivalents to scientific method, and measures and criteria to assess the quality of communication design research remain questionable (Owen, 1998; Kelly, 2004; Phillips in van den Akker et al., 2006) . In this sense, official postgraduate communication design research standards have not been defined (Kelly, 2004) , despite the attempt of the Bologna Plan launched in 2005 (Bologna Process, 2005) . This plan aimed to "create a European Higher Education Area (EHEA) based on international cooperation and academic exchange," establishing common education criteria for higher education (EHEA, 2005) . On this matter, postgraduate research on experimental sciences is one step further ahead. The IUBMB report (2011) provides strong evidence of the current state of experimental scientific research in terms of research education, in particular for doctoral degrees. The Committee on Education of the IUBMB (2011) has set standards and criteria for postgraduate education in which each phase relevant for a scientific investigation is strictly defined and assessed. Standards described in this report cover all parties involved in the learning process for becoming a scientist, including assessment criteria, research into candidate's and supervisor's responsibilities, and the components necessary to achieve satisfactory results. Kelly's (2004) , Edelson's (in van den Akker et al., 2006) and Plomp's (in Plomp & Nieveen, 2007) studies give further analysis in this area, suggesting key points on which attention should be focused in order to evaluate the quality of design research. This evidences the diverse nature of frameworks or criteria for assessing postgraduate design education, which in fact appears to add confusion instead of clarity (Phillips in van den Akker et al., 2006) .
As the result of combining aspects highlighted by existing frameworks the award of a communication design doctoral degree would respond to the education and training of "competent, reliable, and selfdirected individuals who have a strong sense of scientific integrity" (IUBMB, 2011:5) . In addition, the graduate would have to demonstrate "the ability to pursue a problem to a meaningful conclusion" (IUBMB, 2011) . The following case study presents a set of guidelines that could be used in communication design as a way to assess the quality of an investigation.
Case study 2: Guidelines for assessment
The work of Hevner et al. (2004) resents a set of seven guidelines that can be followed to structure and assess design research. Although these guidelines are not rigid or mandatory, "each of them should be addressed in some manner for design-science research to be complete", state Hevner et al. They may be combined with "creative skills and judgment to determine when, where, and how to apply each of the guidelines in a specific research project" (Hevner et al., 2004:82) (Table 1) .
Adopting a multidisciplinary approach Currently in communication design practice, professionals' approach to problems is changing from a monodisciplinary one to a multidisciplinary one (Frascara, 2002; Purao et al., 2008) . Therefore, professionals from different disciplines-e.g. marketing, engineering, technology, social sciences and communication-are frequently involved in planning and development stages, becoming indispensable components of the Hevner et al., 2004) modern problem-solving process. Likewise, researchers from different background disciplines appear to be combining expert knowledge to find the most appropriate action plan and set of methodologies, as generally a multidisciplinary approach tends to increase the success and quality of research studies (Kelly, 2004) .
In communication design research a scientific attitude which would facilitate collaboration and dialogue with researchers from other areas of expertise, helping forward the development of multidisciplinary research work (Kelly, 2004) is still in its early days. Although in some research projects links with the social sciences are gradually being strengthened, the majority of postgraduate investigations tend to be conducted with little interaction or contributions from other disciplines. A metascientific approach would greatly benefit this particular aspect in communication design. Similarly, Owen (1998) and Purao et al. (2008) emphasise the need to strengthen relationships with research experts from other disciplines related to design, which are more established in terms of research than communication fields. Those experts would be familiar with the aims and nature of design, bringing pertinent attitudes and procedures, adding research guidance to the least consolidated design fields.
The multidisciplinary project conducted in collaboration between the College of Medicine and the College of Design, Architecture, Art and Planning (University of Cincinnati) (Zender and Crutcher, 2007) illustrates the benefits of disciplines working together.
Case study 3: Scientific information design
The ultimate aim of the multidisciplinary research collaboration between the University of Cincinnati's College of Medicine and College of Design, Architecture, Art and Planning (Zender and Crutcher, 2007) was to develop visual language techniques capable of revealing patterns and conceptual connections in the development of interactive displays that can be used for any discipline with a finite vocabulary. However, the broader objective was to show a scientific approach to information design and the benefits of visual communication to science.
A digital designer and a biomedical scientist composed the team of this project. The starting point was to use 40 published papers about Alzheimer's disease as the study sample. From the sample, they extracted 20 statements that express key concepts. Then, the designer of the group translated the scientific-based data into a visual object system (composed of icons, signs, glyphs and combinations of the first three objects) which displayed the most representative medical concepts extracted from the sample of study. Those concepts were used to develop the visual language techniques.
Strengthening communication channels and research community links
In particular, expansion and consolidation of a communication network for design knowledge may be a step towards drawing communication design researchers together. Communication design conferences and research centres are spread in Europe, US and Latin America, however their production and communication channels would benefit from stronger links among each other. The IUBMB report (2011) strongly recommends researchers' active participation and positive attitude to interpretations, to evaluate and comment on the work of others, and to participate in discussions on technical and scientific issues."
In other words, broader research training-e.g. peer network, preparation of proposals, discussion groups, methodological courses-and an increase in funding for a larger number of projects would undoubtedly contribute towards a fruitful evolution (Miller, 1981; Owen, 1998; Phillips in van den Akker et al., 2006) of communication design research. The following case gives an overview of the activities that are carried out in one of the few information design research centres in the UK.
Case study 4: Centre for Information Design Research (CDIR)
The CDIR, based in the University of Reading (UK), is focused on theory and practice of designing complex information. It is also an active platform with strong links with the Information Design Association (IDA), which annually organises international conferences on the field and is increasingly organising meetings in different institutions of London (e.g. Royal College of Art, Greenwich University). In addition, CDIR member's work is published in the peer-reviewed information design journal, spreading findings and new knowledge throughout the community.
Bridging theory and practice As a way to bridge theory and practice, scientific rationale-i.e. analytical and critical thinking, and methodical procedures-has started to be applied to problem-solving strategies in communication design professional practice (Cross, 2002) . In this respect, projects in which earlier phases have been thoroughly planned increase their chances of success and of having great impact in communication design practice (Owen, 1998; Laurel, 2003; Purao et al., 2008) .
Communication design research could contribute to narrow the gap if its outcomes have "high external validity but are also teachable, learnable, and actionable by practitioners" (Sloane in van den Akker et al., 2006) . This disposition would broaden both communication design researchers' and professionals' conception about the discipline, training them to notice what aspects of other fields could be beneficial for them.
The following case study introduces a practice-led information design investigation, which findings may have direct implications for professional practice.
Case study 5: Recommendations for professional practice
Combining visual content analysis (of 209 diagrams), graphic syntax theory (Engelhardt, 2002) and qualitative methods (semi-structured interviews and phenomenographic analysis) Mølhave's (2011:309) investigation presents a set of recommendations which 'aim at improving the effectiveness of visual output in future design practice in educational publishing'. The methodological strategy and inductive path followed throughout the research process indicated a way to bridge theory and practice. In other words, this investigation evidences how 'practitioners might use information design theory and descriptive models of the design process to review their practice, and use the findings to enhance it' (2011:348) .
Conclusion
The full potential of design science has not yet been achieved in all design fields. While some fields-e.g. industrial, engineering and product design-do have robust research structures and strong communication channels, other fields-e.g. graphic and information design, referred to as communication design-are several steps behind. Currently, the communication design research community appears to be still asking questions about its boundaries and goals and borrowing methodologies from social sciences instead of focusing on developing its own research framework and tools. This scenario could be seen as a consequence of the way the different design fields have evolved. Unlike product and engineering design, communication design has followed the Arts & Crafts education model, which has been mostly led by self-expression and intuition and less concerned with understanding processes and following methodologies. This could be one of the reasons why communication design still seems to be facing difficulty in developing well-defined research frameworks, and connecting and adopting components provided by other disciplines (Frascara, 2002) such as methodologies, scientific rationale, rigour, assessment criteria and research process structures.
A metascientific approach was discussed here as an attempt to contribute to the evolution of the scientific approach to communication design. This metascientifc approach proposes the integration of aspects from experienced research academic disciplines into communication design research. This is presented as a dynamic collaboration in which the integration of aspects from scientific disciplines (i.e. rationale, analytical thinking, education programme structures) and from more experienced design disciplines (i.e. communication channels, methodologies, multidisciplinary approaches, design process models) has the potential of enhancing academic and industry success for all parties involved (Bunge, 2002) (Figure 4 ). This paper, however, has only focused on the benefits of this approach to communication design, hoping to have alert academics, students and professionals from different disciplines of its potential. A metascientific approach in communication design research may facilitate the creation of a body of knowledge, the development of more transparent pedagogical techniques, the strengthening of communication channels, and the building of bridges with allied disciplines and with industry; all requirements previously pointed out as fundamental requisites to move towards the consolidation of scientific research (Owen, 1991; Laurel, 2003; Purao et al., 2008) . In addition, this approach would add clarity to the research structure, and to roles and tasks of all parties involved-candidates, supervisors and peers-in communication design research education. The integration of rigour and analytical thinking to communication design problem-solving would also lead to the definition of unambiguous action plans and research goals, which would aid in the formulation of questions and methodology, and enhance professional practice outcomes.
